l. INTRODUCTION
In recent years the theoretical description of both the elastic and the inelastic scattering of nucleons by nuclei has achieved considerable success by the use of the optical model 1 and the direct-interaction picture, 2 respectively.
The aim of an earlier paper 3 (hereafter designated as I) was to combine these two models to obtain a simple description of nuclear rearrangement collisions.
To accomplish this, the direct-interaction picture was modified by representing the initial-and final-state particl$by elastic scattering states rather than by Born-approximation plane wave states.
In order to avoid the usual ca1.cu18.ttdnal difficulties of such problems, a major goal of I was to derive closed-form wave functions to represent these elastic scattering states. By means of a high-energy WKB approximation, simple forms were obtained for the wave functions that describe. the scattering from the nuclear central potential. The rather important effects of including elastic scattering were shown for a particular inelastic process--the deuteron pickup reaction.
The purpose of this present note is to briefly describe the results of an analysis, similar to that of I, that incorporates the nuclear spin-orbit
potential. An approximate elastic wave function that includes the effects of both the central and spin-orbit potentials is given in Section 2. A simple example that shows its utility is given in Section 3, where the polarization due to the elastic scattering of nucleons by nuclei is calculated with this . .
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-~-wave function, and is compared with the more exact computer results. Finally in Section 4, the approximate wave functions are used to obtain the polarization of particles produced by an inelastic nuclear process--the deuteron pickup reaction considered in I. (a) p(r) falls fr.om its maximum value to zero in a distance
2€, where € << R , the radius .o~ the d~$ity distribution, 
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We then obtain an approximate·solution; provided
Using this value of a: together with t ( rJ 0 given in I, we obtain our approximate analytic wave function for the case of a square-well potential: 
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The general form of the matrix element for a spin ~ particle and a spin-zero nucleus is
... ,.
where ~ is a unit vector perpendicular to the plane of scattering. In our approximation, with n = 1, the scattering amplitude is 
... 
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The Born approximation gives the correct polarization for small angles, but does not predict the observed diffraction effects near the first zero of the spherical Bessel function, since this is a common factor to A(e) and B(9) and therefore cancels in Eq. (13) . (See Fig. 1 .) However, if we go beyond the Born approximation and use the higher-order spin-orbit term (a f ;0), B(e) will include a contribution in addition to that given in Eq. (12) It should be emphasized again that in our first example we have investigated the higher-order terms in the spin-orbit potential alone, and not the central potential. Other analyses that yield simple results for 10 polarization effects have proceeded from the opposite point of view, i.e., they include the higher-order terms in the central potential only and neglect ( 14) UCRL-8836 them in the spin-orbit potential. However, as the calculation above suggests, the higher-order spin-orbit terms are not negligible. In fact, at least in the high;..energy WKB approximation used here, it can be shown that the contributions from higher-order terms in each potential are of the same order of magnitude.
Although the approximate methods described above are able to yield adequate results for the scattering of nucleons in an energy region where the kinetic energy is much larger than the potential, they cannot be expected to be as generally useful as the computer calculations in which the Schroedinger equation is solved exactly. However, it is interesting that the main qualitative features of the scattering and polarization can be obtained from the very simple Born-approximation type of calculation, and that a detailed analysis is not necessary to afford at least a physical understanding of the experimental results.
POlARIZATION FROM INElASTIC "DIRECT" PROCESSES
We have seen the usefulness of our optical-model wave functions in the calculation and physical interpretation of elastic nuclear scattering processes.
A more important application, however, is found in the description of highenergy inelastic nuclear processes for which even computer calculations become exceedingly cumbersome. The description of a rearrangement collision which proceeds via a "direct" interaction can be improved considerably over the Born approximation by the inclusion of elastic scattering effects. We require only a formal expression for the transition matrix in which the initial and final scattering states can be approximated by elastic scattering states.
For our example here, we consider the deuteron pickup reaction in which a high-energy proton enters a nucleus, picks up a neutron, and emerges as a final-state deuteron. We wish to include in our treatment the elastic nuclear scatterings of the initial-state proton and of the final-state deuteron.
The formalism for use in an optical-model approximation has been derived in I, and the calculation of the differential cross section (excluding spin-orbit scattering effects) can also be found there.
In considering the polarization of final-state deuterons, we include only the effects of the' nuclear spin-orbit potential on the initial and final scattering states, and we neglect the spin effects of the two-body potential through which the "direct" pickup process occurs, and also the spin effects of the nuclear potential in which the picked up neutron is initially bound. These latter effects are neglected since they lead to polarizations 11 considerably smaller than those predicted by our spin-orbit scattering effects. For a complete treatment these terms should be included, but our purpose here is to
show that the spin-orbit scattering is the major factor in producing polarized deuterons.
It can be shown from invariance arguments here, but the method is straightforward and is exactly the same as that used in I, i.e., the functions in the integrands are approximated by Gaussians, which allows closed-form expressions for the integrals over momentum space.
Once we have found A, B, and C of Eq. (15) 
. 12 16 exper~ments from the bombardment of C by 145-Mev protons is given in Fig. 2 . 
